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Abstract 
‘Mittlerer Ring’ is an intermediate ring road in Munich. It was constructed for the 1972 Olympics, and its total length is 28 km.
Construction of the underground tunnels was implemented for Mittlerer Ring in the 1980s to improve the habitational environment.
This study reviews the effect of the underground tunnels of Mittlerer Ring. First, the change of land prices along Mittlerer Ring 
and in the Munich area from 1980 to 2010 is observed. Then, by creating a land price function for every 10 years from 1980 to 
2010, the change in the effect of the tunnels is examined, and the benefits of the tunnels are estimated.  
As a result, land prices along Mittlerer Ring were found to be much lower than that in other areas in 1980. Then, the tunnel 
construction in the 2000s caused prices along Mittlerer Ring in 2010 to match those of similar areas. Thus, tunnel construction may 
increase land price not only along streets with tunnels but also along the entire Mittlerer Ring. By building a land price model every 
10 years from 1980 to 2010, the change of the effect of the tunnels was found and the benefit of the tunnels was estimated. The
estimation results of the benefits suggested that an underground tunnel benefitted not only nearby areas but also the surrounding
areas. Moreover, it was found that the benefit would cover construction costs within several years. 
© 2014 The Authors. Published by Elsevier B. V. 
Selection and peer-review under responsibility of Technische Universität München. 
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1. Introduction 
‘Mittlerer Ring’ is an intermediate ring road in Munich. It was constructed for the 1972 Olympics, and its total 
length is 28 km (Fig.1). Construction of the underground tunnels was implemented for Mittlerer Ring in the 1980s to 
improve the habitational environment. The ‘Trappentreutunnel’ was the ring’s first underground tunnel, constructed 
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in 1984. The ‘Brudermühltunnel’ was the second tunnel, constructed in 1988. However, in 1990, the Munich city 
council decided to stop further construction of the underground tunnels along Mittlerer Ring, because the majority 
party shifted public transportation policy. As a result, the habitational environment along the ring road was not 
improved for a length of time. In 1996, a citizen’s group that wanted to improve the habitational environment along 
the ring road claimed Munich’s first referendum (Spiecker, 1996), the subject of which was the construction of three 
tunnels: the ‘Petueltunnel’, the ‘Richard-Strauss-tunnel’, and a tunnel under the ‘Luise-Kiesselbach-Platz’. In the 
referendum, as 50.7% of the votes were in favour of further development, the construction of the underground tunnels 
started again. Based on the citizens’ idea of three tunnels, the City of Munich set the master plan for the Mittlerer Ring 
(Landeshauptstadt München, 2000). The ‘Petueltunnel’ and the ‘Richard-Strauss-tunnel’ were completed in 2002 and 
2009, respectively. Currently, the ‘Luise-Kiesselbach-Platz’ tunnel project is making progress and is expected to be 
completed in 2017. 
Fig. 1. Location of Mittlerer Ring and the underground tunnels (Own Elaboration). 
During construction of the three tunnels, the construction and maintenance costs of the tunnels are critical issues. 
The total construction cost of three tunnels is approximately 900 million Euros, and the maintenance cost of each 
tunnel is approximately 500 thousand Euros per year. Although approximately half of the construction costs are 
subsidized by the national government, the remainder of the construction costs and the maintenance costs are borne 
by the city of Munich. This study focuses on the balance of costs and benefits of the construction of the tunnels. 
A cost–benefit analysis of an infrastructure project is a popular approach for judging the project value. The benefits 
of road construction are usually estimated through values such as saved time. However, in this case, tunnel construction 
improves the habitational environment. Presently, there are many approaches to estimate benefits to the environment 
(Pearce et al., 2006), such as the hedonic approach. This approach can be used to estimate the effects of attributes 
through the price function of real estate (Rosen, 1984). Although there are some critics of hedonic estimates (e.g. 
Scotchmer, 1985), the capitalization hypothesis, that is, the benefit of a public project reflected on land values, was 
established under a small-open condition (Kanemoto, 1988). Since then, many studies have applied the hedonic 
approach (e.g. Hidano, 2000). 
This study reviews the effect of the underground tunnels of Mittlerer Ring. First, the change of land prices along 
Mittlerer Ring and in the Munich area from 1980 to 2010 is observed. Then, by creating a land price function for every 
10 years from 1980 to 2010, the change in the effect of the tunnels is examined, and the benefits of the tunnels are 
estimated. 
2. Land price data 
The City of Munich evaluates land value for property tax and publishes a map of land value called 
‘Bodenrichtwerte’ every 2 years. The pricing unit is based on zonal lots in land-use condition and floor space ratio 
(Fig. 2). 
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Fig. 2. Map of land price: An example of near Petueltunnel (Source: Bodenrichtwerte 2010). 
The land price data are selected from housing zones. Because Mittlerer Ring consists of 16 streets (Table 1), the 
land price data for a few zones on each street along Mittlerer Ring are selected for a total of 35 land price data samples 
along Mittlerer Ring (Fig. 3). Concerning the land price data of the whole Munich area, based on a grid map of Munich 
arranged according to the ‘Falkplan München Extra’, which is 1200m length by 1000m width, a total of 230 land price 
data samples are selected for 2010 (Fig.4). In 1980, 1990, and 2000, the same or similar lot zones are selected. 
Table 1. Name of streets consisted of Mittlerer Ring. 
1 Isarring 9 Heckenstallerstraße 
2 Richard-Strauss-Straße (2009) 10 Garmischer Straße 
3 Leuchtenbergring 11 Trappentreustraße (1984) 
4 Innsbrucker Ring 12 Donnersbergerbrücke 
5 Chiemgaustraße 13 Landshuter Allee 
6 Tegernseer Landstraße 14 Georg-Brauchle-Ring 
7 Candidstraße 15 Petuelring (2002) 
8 Brudermühlstraße (1988) 16 Schenkendorfstraße 
Fig. 3. Location of selected land price samples along ‘Mittlerer Ring’ (Own Elaboration). 
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Fig. 4. Location of selected land price samples of whole Munich city (Own Elaboration). 
3. Change of land price 
3.1. Land price along Mittlerer Ring 
This analysis is based on 35 samples of land price data along Mittlerer Ring in 1980, 1990, 2000 and 2010. Fig. 5 
shows the change of land price (Euro per square meter) from 1980 to 2010. ‘B2R’ shows the average price of the 35 
samples. The price more than doubled from 1980 to 1990, slightly decreased from 1990 to 2000, and slightly increased 
from 2000 to 2010. Data samples along streets with tunnels constructed in the 1980s (Trappentreu and Brudermühl) 
have a higher price than average. Concerning data samples along streets with tunnels constructed in the 2000s, Petuel 
shows a higher price than average, but price varies steeply. On the other hand, Richard-Strauss shows a lower price 
than average, but price increased stably. 
Fig. 5. Change of land price along Mittlerer Ring. 
Fig. 6 shows the price change ratio between 1980 and 1990, which is higher for two streets with tunnels than the 
average B2R ratio. Fig. 7 shows the price change ratio between 2000 and 2010, which also presents a higher ratio for 
the two streets with tunnels than the average B2R ratio. These findings suggest that tunnel construction affects land 
price increases. 
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Fig. 6. Change ratio of land price between 1980 and 1990. 
Fig. 7. Change ratio of land price between 2000 and 2010. 
3.2. Land price in the entire Munich city area 
This analysis is based on a maximum of 230 samples of land price data in the entire Munich area in the years 1980, 
1990, 2000, and 2010. Generally, land prices depend on distance from city centre. This study defines ‘Marien Platz’ 
as the city centre of Munich (Fig. 4). Fig. 8 shows the relationship between land price and distance from city centre in 
2010. The vertical axis of the left graph is the normal price axis. In this case, the coefficient of correlation shows a low 
absolute value. Thus, the vertical axis is converted into a logarithmic axis, as shown in the right graph, presenting a 
high negative correlation between land price and distance from city centre. 
Fig. 9 shows the relationship between land prices and distance from city centre in 1980, 1990, 2000, and 2010. 
Subsequent years show a higher negative correlation between land prices and this distance. Overall, land prices 
increase from 1980 to 1990 but decrease from 2000 to 2010. Thus, the economic situation may be reflected on land 
prices.
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Fig. 8. Relation between land price and distance in 2010 (Own Elaboration). 
Fig. 9. Relation between land price and distance (1980-2010) (Own Elaboration). 
3.3. Land price comparison between Mittlerer Ring and other areas 
Fig. 10 shows that price data samples along Mittlerer Ring are added into Fig. 9. Focusing on a distance of 3 to 5 
km, the price difference between Mittlerer Ring and other areas can be compared. In 1980, the price along Mittlerer 
Ring was much lower than other areas. In 1990, it was slightly higher than that in 1980. However, in 2000, the price 
0
10000
20000
30000
40000
50000
60000
70000
0 5 10 15 20
la
nd
p
ric
e(
EU
R/
m
2)
distancefromcitycenter(km)
Yearof2010(r=Ͳ0.365)
100
1000
10000
100000
0 5 10 15 20
la
nd
p
ric
e(
EU
R/
m
2)
distancefromcitycenter(km)
Yearof2010(r=Ͳ0.723)
100
1000
10000
100000
0 5 10 15 20
la
nd
p
ric
e(
EU
R/
m
2)
distancefromcitycenter(km)
Yearof2010(r=Ͳ0.723)
100
1000
10000
100000
0 5 10 15 20
la
nd
p
ric
e(
EU
R/
m
2)
distancefromcitycenter(km)
Yearof1980(r=Ͳ0.638)
100
1000
10000
100000
0 5 10 15 20
la
nd
p
ric
e(
EU
R/
m
2)
distancefromcitycenter(km)
Yearof1990(r=Ͳ0.738)
100
1000
10000
100000
0 5 10 15 20
la
nd
p
ric
e(
EU
R/
m
2)
distancefromcitycenter(km)
Yearof2000(r=Ͳ0.722)
413 Tadashi Itoh /  Transportation Research Procedia  4 ( 2014 )  407 – 420 
along Mittlerer Ring decreased, whereas in 2010, the situation improved and the price along Mittlerer Ring matched 
that of other areas. 
Focusing on data samples for streets near tunnels, those constructed in the 1980s are priced higher than similar 
samples in 1990 (Fig. 11). Concerning data samples near tunnels constructed in the 2000s, they are also priced higher 
than similar samples in 2010 (Fig. 12). This suggests that tunnel construction may affect land improvement price not 
only along streets with tunnels but also along the whole Mittlerer Ring. Moreover, it is surprising evidence that lower 
prices along Mittlerer Ring from 1990 to 2000 corresponded with a pause in tunnel construction. 
Fig. 10. Relation between land price and distance with samples of Mittlerer Ring (1980-2010) (Own Elaboration). 
Fig. 11. Relation between land price and distance with samples of tunnels (1980-1990) (Own Elaboration). 
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Fig. 12. Relation between land price and distance with samples of tunnels (2000-2010) (Own Elaboration). 
4. Land Price Function 
4.1. Functional form decision 
Using the hedonic approach, the land price function is constructed. In this model, basic explanatory variables are 
floor space ratio and distance from city centre, which are the basic components of land price. The following functional 
forms are considered to fit estimates with observed values. 
x Linear function (model 1): 22110 xxy EEE  
x Half-log-linear function (model 2): 22110log xxy EEE  
x Log-linear function (model 3): 22110 logloglog xxy EEE  
x Combination function (model 4): 22110 loglog xxy EEE  
y : land price,  1x : floor space ratio,  2x : distance from city centre,  210 ,, EEE : coefficients 
Table 2 shows the results of four functional forms estimated using 265 samples along Mittlerer Ring and the entire 
Munich area in 2010. For the ‘R2’ value, which indicates coefficient of determination, Model 4 provides the best 
value; thus, this functional form is adopted. 
Table 2. Estimation comparison among functional forms (Own elaboration). 
model 1 model 2 
coefficients t-value P-value coefficients t-value P-value
constant -3780.715 -4.554 0.000 2.897 78.318 0.000 
floor space ratio 4111.412 12.003 0.000 0.287 18.780 0.000 
distance from center 177.994 2.197 0.029 -0.024 -6.560 0.000 
R2 0.419 0.777 
n. of sample 265 265 
model 3 model 4 
coefficients t-value P-value coefficients t-value P-value
constant 3.503 97.773 0.000 3.109 54.104 0.000 
floor space ratio 0.497 9.751 0.000 0.231 12.060 0.000 
distance from center -0.571 -11.828 0.000 -0.407 -7.809 0.000 
R2 0.759 0.789 
n. of sample 265 265 
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Table 3 shows the estimation results of the basic land price function in the years 1980, 1990, 2000, and 2010. In 
1980, the R2 value is low and the distance is not significant, and thus, another explanatory variable must be added. In 
other years, the R2 value is appropriate; however, the distance is not significant in the model for the year 2000, and 
must thus be improved. 
Table 3. Estimation results of basic land price model (Own elaboration). 
1980 1990 
coefficients t-value P-value coefficients t-value P-value
constant 2.649 35.245 0.000 2.959 47.944 0.000 
floor space ratio 0.213 8.237 0.000 0.300 14.021 0.000 
log(distance from center) -0.002 -0.029 0.977 -0.100 -1.774 0.077 
R2 0.421 0.715 
n. of sample 250 259 
2000 2010 
coefficients t-value P-value coefficients t-value P-value
constant 2.960 45.497 0.000 3.109 54.104 0.000 
floor space ratio 0.284 12.958 0.000 0.231 12.060 0.000 
log(distance from center) -0.067 -1.138 0.256 -0.407 -7.809 0.000 
R2 0.675 0.789 
n. of sample 264 265 
4.2. Consideration of Mittlerer Ring 
In this section, a model with a dummy variable for Mittlerer Ring is examined to determine the effects of the ring 
road. Table 4 shows the estimation results of the model with dummy variables for the years 1980, 1990, 2000, and 
2010. Appropriate R2 value and significant coefficients are shown for every year. The coefficient of the dummy 
variable has a negative effect on the land prices. From 1980 to 2000, this effect is strong, but it is relaxed in 2010. 
Table 4. Estimation results of land price model with ring road dummy (Own elaboration). 
1980 1990 
coefficients t-value P-value coefficients t-value P-value
constant 2.888 55.802 0.000 3.155 74.418 0.000 
floor space ratio 0.195 11.301 0.000 0.282 19.775 0.000 
log(distance from center) -0.220 -4.652 0.000 -0.274 -7.119 0.000 
ring road dummy -0.376 -17.691 0.000 -0.321 -18.045 0.000 
R2 0.744 0.874 
n. of sample 250 259 
2000 2010 
coefficients t-value P-value coefficients t-value P-value
constant 3.208 83.086 0.000 3.177 55.986 0.000 
floor space ratio 0.255 20.293 0.000 0.225 12.282 0.000 
log(distance from center) -0.287 -8.208 0.000 -0.469 -9.107 0.000 
ring road dummy -0.369 -23.283 0.000 -0.118 -4.952 0.000 
R2 0.894 0.806 
n. of sample 264 265 
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This model is used to examine how land prices differ along Mittlerer Ring. Table 5 shows a land price comparison 
in each year under a floor space index of 1.0 and distance from city centre of 4.0 km. From 1980 to 2000, the land 
price is halved along the ring road, but in 2010, the discount is only approximately 25%. 
Table 5. Estimated land price comparison with/without ring road (Own elaboration). 
(EUR/m2) 
year 1980 1990 2000 2010 
without ring road 894 1868 1948 1319 
with ring road 376 891 833 1006 
note) calculating conditions : floor space ratio = 1.0, distance from centre = 4.0(km) 
4.3. Consideration of underground tunnel 
To determine the effect of the underground tunnel, a model with a variable for distance from each tunnel is 
examined. First, to examine the effect of tunnels completed in the 1980s, variables of distance from ‘Trappentreutnnel’ 
and ‘Brudermühltunnel’ are added to the 1990 model. Table 6 shows the estimation results of this model. The distance 
variables of each tunnel show few significant effects but the possibility of a negative effect, which means that 
proximity to the tunnel increases the land price. 
Table 6. Estimation result of land price model in 1990 (Own elaboration). 
1990 
coefficients t-value P-value
constant 3.202 67.096 0.000 
floor space ratio 0.275 18.650 0.000 
log(distance from center) -0.253 -6.336 0.000 
ring road dummy -0.329 -18.160 0.000 
log(distance from Trappentreu TN) -0.049 -1.409 0.160 
log(distance from Brudermühl TN) -0.022 -0.712 0.477 
R2 0.876 
n. of sample 259 
This model is used to examine how land price differs based on distance from the tunnel. Table 7 shows a land price 
comparison under a floor space index of 1.0 and the distance from the city centre of the location of tunnel. In the case 
of ‘Trappentreutunnel’, the land price decreased approximately 127 Euros 1 km away and approximately 162 Euros 2 
km away. In the case of ‘Brudermühltunnel’, the land price decreased approximately 52 Euros 1 km away and 
approximately 67 Euros 2 km away. 
Table 7. Estimated land price comparison by distance from tunnels in 1990 (Own Elaboration). 
(EUR/m2) 
distance from tunnel Trappentreu TN Brudermühl TN 
100m 1186 1081 
1000m 1059 1029 
2000m 1024 1014 
calculating condition 
floor space ratio 1.0 1.0 
distance from center(km) 3.054 3.426 
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Then, to examine the effect of tunnels completed in the 2000s, variables of distance from ‘Petueltunnel’ and 
‘Richard-Strauss-tunnel’ are added to the 2010 model. Table 8 shows the estimation results of this model. The distance 
variable of ‘Richard-Strauss-tunnel’ shows a significant effect, but that of ‘Petueltunnel’ does not. However, these 
variables show the possibility of a negative effect, that is, proximity to the tunnels may increase land prices. 
Table 8. Estimation result of land price model in 2010 (Own elaboration). 
2010 
coefficients t-value P-value
constant 3.184 52.976 0.000 
floor space ratio 0.240 12.188 0.000 
log(distance from center) -0.371 -5.696 0.000 
ring road dummy -0.139 -5.607 0.000 
log(distance from Peruel TN) -0.040 -1.344 0.180 
log(distance from Richard-Strauss TN) -0.078 -2.090 0.038 
R2 0.810 
n. of sample 265 
Using this model, land price is compared under a floor space index of 1.0 and the distance from the city centre of 
the location of the tunnel. Table 9 shows that for ‘Petueltunnel’, the land prices decreased by approximately 105 Euros 
1 km away and approximately 135 Euros 2 km away. For ‘Richard-Strauss-tunnel’, the land price decreased 
approximately 247 Euros 1 km away and approximately 314 Euros 2 km away. 
Table 9. Estimated land price comparison by distance from tunnels in 2010 (Own elaboration). 
(EUR/m2) 
distance from tunnel Petuel TN Richard-Strauss TN 
100m 1205 1508 
1000m 1100 1261 
2000m 1070 1194 
calculating condition 
floor space ratio 1.0 1.0 
distance from center(km) 4.524 3.134 
5. Estimates of the Benefits of the Underground Tunnels 
5.1. Estimation conditions 
In this chapter, the benefits of the underground tunnels constructed in the 2000s, that is, ‘Petueltunnel’ in 2002 and 
‘Richard-Strauss-tunnel’ in 2009, are estimated. The land price model for 2010 (Table 8) is applied as the hedonic 
estimate model. Using this model, 265 location samples of land prices near the underground tunnels are estimated as 
the ‘with’ case. For the ‘without’ case, the land price is estimated using varying distances from tunnels. In this case, 
considering the small condition of the hedonic approach, the tunnel effect range covers the three cases of 2 km, 4 km, 
and 8 km. 
The calculation of the monetary benefit is as follows. 
1. Calculate the difference of the land price (Euros per square meter) of the ‘with’ case and the ‘without’ case 
2. Convert the land price difference into annual land rent (Euros per square meter per year) with a 5% interest rate 
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3. Calculate the total benefit, found by multiplying annual land rent by residential floor space of the grid area. As a 
limitation of the floor space data, the residential floor space ratio of the grid area includes the three cases of 25%, 
50%, and 75%. 
The estimation conditions are summarized in Table 10. 
Table 10. Estimation condition of two cases. 
explanatory variable with case without case 
floor space ratio actual value of sample actual value of sample 
distance from city center same as above same as above 
ring road dummy same as above same as above 
distance from Petueltunnel same as above 
if distance is more than effect range r, 
distance substitutes r, otherwise actual 
value of sample 
distance from Richard-Strauss 
tunnel same as above same as above 
5.2. Land price estimation result 
Table 11 shows the estimation results of the land price of location samples along ‘Petueltunnel’ and ‘Richard-
Strauss-tunnel’. Compared to the actual values, the ‘Petueltunnel’ samples tend to be underestimated, whereas the 
‘Richard-Strauss-tunnel’ ones tend to be overestimated. Supposing that the affected range is 2 km, land price is 
discounted by 5 to 13% in Petuel Tunnel and by 8 to 21% in Richard-Strauss Tunnel. Moreover, supposing that the 
affected range is 8 km, land price is discounted by 14 to 21% in Petuel Tunnel and by 19 to 31% in Richard-Strauss 
Tunnel. Thus, the change of land price depends on the affected range. 
Table 11. Estimated land price comparison with/without tunnels in 2010 (Own elaboration). 
sample 
no. 
actual
price
with
case without case 
2km affect range 4km affect range 8km affect range 
EUR/m2 
( A ) 
EUR/m2 
( B) 
EUR/m2 B / A 
( C ) 
EUR/m2 C / A 
( D ) 
EUR/m2 D / A 
Petueltunnel
1 1500 1559 1475 0.95 1435 0.92 1346 0.86 
2 2350 1226 1065 0.87 1036 0.84 967 0.79 
3 2100 1666 1580 0.95 1537 0.92 1426 0.86 
Richard-
Strauss tunnel 
1 1150 1199 1105 0.92 1047 0.87 967 0.81 
2 1000 1419 1122 0.79 1063 0.75 986 0.69 
3 1200 1304 1128 0.87 1069 0.82 994 0.76 
5.3. Benefit estimation results 
Table 12 shows the estimation results of the total amount of annual benefit. By combining the supposing cases of 
residential floor space and affected tunnels range, the total annual benefit varies from 18 million Euros to 1 billion 
Euros. For example, in the middle case of 50% residential floor space and an affected tunnel range of 4 km, Fig. 13 
shows the amount of annual benefit in each grid area. Compared to the total amount of 187 million Euros, the benefit 
in the grid area covering ‘Petueltunnel’ totaled 4.2 million Euros, whereas that containing ‘Richard-Strauss-tunnel’ 
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totaled 8.9 million Euros. Approximately 7% of the total benefit applies to the tunnel location grid, and the other 93% 
of the benefit is spread to surrounding areas. Considering that the construction cost of these tunnels (205 million Euros 
for ‘Petueltunnel’ and 325 million Euros for ‘Richard-Strauss-tunnel’), the benefits cover construction costs within 
several years. 
Table 12. Estimated total amount of benefit by calculating conditions (Own elaboration). 
(million EUR / year) 
ratio of residential area in each grid 
25% 50% 75% 
affected tunnels 
range 
2km 18 37 55 
4km 94 187 281 
8km 348 697 1045 
Fig. 13. Amount of annual benefits in each grid area (Own elaboration). 
6. Conclusions 
This study determined the effects of the underground tunnels of Mittlerer Ring in Munich. Based on the hedonic 
approach, the change of land price along Mittlerer Ring and the entire Munich area from 1980 to 2010 was observed. 
As a result, land prices along Mittlerer Ring were found to be much lower than that in other areas in 1980. After 
the construction of two underground tunnels in the 1980s, land prices in the affected areas increased slightly by 1990. 
However, the suspension of tunnel construction in 1990s caused an additional price reduction in 2000. The restart of 
the tunnel construction in the 2000s caused prices along Mittlerer Ring in 2010 to match those of similar areas. Thus, 
tunnel construction may increase land price not only along streets with tunnels but also along the entire Mittlerer Ring. 
By building a land price model every 10 years from 1980 to 2010, the change of the effect of the tunnels was found 
and the benefit of the tunnels was estimated. The land price model indicated a significant negative effect of Mittlerer 
Ring to land price. From 1980 to 2000, this effect was strong, but it was relaxed in 2010. Concerning the effect of 
underground tunnels, few significant effects were found, but it was confirmed that proximity to a tunnel might raise 
land price. The estimation results of the benefits suggested that an underground tunnel benefitted not only nearby areas 
but also the surrounding areas. Moreover, it was found that the benefit would cover construction costs within several 
years.
This study has certain limitations. Land price data used in this study do not include the price of each house but that 
of the area. Different actual land prices may exist. Moreover, the number of samples was only a few hundred in all of 
Munich, which means that one sample represents approximately 1 square km. Therefore, estimation accuracy depends 
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on a grid area using grids of approximately 1 square km. Although this study generally determines the change of land 
prices and the effects of the underground tunnels, estimation accuracy must be improved for future work. 
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